Background: Non-small cell lung carcinoma (NSCLC) incidence and progression is increasing because of genetic and epigenetic changes. The mutations in the Kirsten rat sarcoma (KRAS) are the most frequently oncogene aberrations in lung carcinoma patients. A candidate tumor suppressor gene (TSG) Ras Association Domain Family 1 Isoform A (RASSF1A), is silenced by promoter hypermethylation in several human malignancies including nonsmall cell lung carcinoma (NSCLC). We hypothesized that RASSF1A methylation and KRAS mutations may play an important role in NSCLC. Methods: Non-small cell lung carcinoma patients (n ¼ 100) and equal number of healthy controls were assessed for activating KRAS (exon 2) mutations using allele-specific oligonucleotide polymerase chain reaction (ASO-PCR) and promoter hypermethylation of RASSF1A using methylation specific PCR. Results: The frequency of mutations in Kirsten rat sarcoma (KRAS) were found in 31% of NSCLC patients in the Kashmiri population and occur most commonly, but not exclusively, in adenocarcinoma histology and life-long smokers. The NSCLC patients in advanced stage reported the higher frequency of mutation in KRAS (exon 2). A significant higher frequency of this mutation was reported in patients with NSCLC (29.16%) who are positive for metastasis (P < 0.03). The frequencies of promoter hypermethylation at Ras Association Domain Family 1 Isoform A (RASSF1A) were 41% in cases and 3% in control samples. The frequency of KRAS mutation and RASSF1A promoter methylation were significantly different between adenocarcinomas (ADC) and squamous cell carcinomas (SCC) patients with NSCLC (P < 0.03). In addition, we reported that NSCLC patients having RASSF1A promoter methylation was significantly associated with smoking (P ¼ 0.01). It was identified that NSCLC patients with RASSF1A promoter region hypermethylation had poorer survival and faster disease progression compared with those without hypermethylation of RASSF1A promoter region (P ¼ 0.0001). The Median survivals among with cases containing promoter region hypermethylation of RASSF1A were 17.20 and 42.13 months for patients without promoter region hypermethylation of RASSF1A and the patients with KRAS mutation with or without hypermethylation of the promoter region of RASSF1A a tumor suppressor gene had poorer survival compared with those patients with wild type KRAS gene, with or without hypermethylation of RASSF1A promoter region. These differences were statistically significant based on Log-rank (Mantel-cox) test (P ¼ 0.0001). The median survivals among patients with mutation in KRAS protooncogene were 16 months and 42 months for NSCLC patients with wild type KRAS gene. Conclusions: The aberrant RASSF1A gene promoter methylation with the subsequent mutation in KRAS gene (exon 2) plays a significant role in the pathogenesis and disease progression of non-small cell lung carcinoma (NSCLC).
Introduction
Lung malignancy is the most frequent and commonly diagnosed cancer. It is the most common cause of cancer death worldwide and majority of which are having non-small cell lung cancer sub type of lung cancer, accounts for 85% [1, 2] . The most common cancer amongst men in India is lung cancer with approximately 33,000 new cases ever year and constitutes 6.8% of deaths [3] . Arshad et al, [4] recently reported that in Kashmir valley the second most common malignancy in men and third among all is lung cancer is (14.6%). Non-small cell lung carcinoma (NSCLC) arise as a result of molecular, genetic and epigenetic alterations alongside with additional morphological changes that gives rise to neoplastic tissue by the transformation of benign bronchial epithelium. Genetic alterations in tumour suppressor and proto-oncogenes genes have been detected to play important role in all stages of lung tumourigenesis. Hypermethylation of CpG Island causing epigenetic silencing in the promoter has been shown to be an important phenomenon in cancer formation [5] . DNA methylation is an alternative mechanism to mutations or deletions which disrupt the function of tumor suppressor gene. Aberrant gene methylation in the promoter region in the tumor suppressor gene has also been most frequently found in NSCLC [6] . It has have been implicated that Kirsten rat sarcoma (KRAS) gene activating point mutations play an important role in the pathogenesis of human malignancies including those of lung [7] . Histologically, about 80% of lung cancers are non-small cell and 20% are small cell lung cancers [8] . Among the NSCLCs, adenocarcinoma (ADC) and Squamous cell carcinomas (SCC) are the most common histological subtypes. In particular NSCLC patients with lung adenocarcinomas have been shown to harbor most of the KRAS mutations. However, KRAS mutations were rarely detected in lung squamous cell carcinomas [9, 10, 11, 12, 13, 14] . The Ras Association Domain Family 1 (RASSF1) gene located at 3p21.3 that code for more than 7 isoforms resulting from alternative mRNA splicing and promoter usage [15, 16] . Among them, Ras Association Domain Family 1 Isoform A (RASSF1A) and Ras Association Domain Family 1 Isoform C (RASSF1C) are major transcripts. It is predicted that RASSF1A is to encode a 39-kd peptide containing an N-terminal diacylglycerol (DAG)-binding domain and a Ras-association domain [15] . Transcriptional repression by methylation of promoter region is an important means for silencing of number of cancer-associated genes including RASSF1A [15] . RASSF1A conataining a Ras effector domain is ceded inactivated by epigenetics silencing of its promoter in a variety of human cancers including lung, colon, breast, prostate, thyroid, and renal cell carcinomas [16, 17] . The purpose of this study was to examine the association between KRAS mutation and RASSF1A hypermethylation in non-small cell lung carcinoma, and to determine their correlation with clinicopathological characteristics.
Material and methods

Sample collection
3-4 ml of peripheral blood was collected from confirmed primary NSCLC blood samples (n ¼ 100) and equal no. of age matched control samples between December 2016 to August 2018 at Sher-I-Kashmir Institute of Medical Sciences (SKIMS), Soura, Srinagar were included in the study. The study was approved by Institutional ethics committee of Sher-I-Institute of Medical Sciences (SKIMS), Soura, Srinagar, Jammu and Kashmir, India. Informed consent was obtained from all patients for blood sample collection after confirmed diagnosis of NSCLC and blood samples were collected in EDTA vials. We have critically examined prospectively all newly diagnosed patients with NSCLC (n ¼ 100) analysed for KRAS mutations and RASSF1A methylation. Staging of the NSCLC patient were performed according to the guidelines provided by Union for International Cancer Control (UICC, Seventh Edition) [18] . The Demographic characteristics of the cases recruited for this study are shown in Table 1 . A total of 62 males and 32 females were included in the study. The patients were presented with average age of 61.18 AE 10 years; most of the patients were found within range of 50-84 years age group. Two age groups were made, patients with age 45 years included 13 cases, and >45 years included 87 cases. A good proportion of the NSCLC Table 1 . Clinicopathological characteristics of non-small cell lung carcinoma (NSCLC) patients (n ¼ 100) undertaken for study. cases 40 (57.14%) that were recruited for this study had a monthly income of less than 6000 INR.
DNA extraction
According to the manufacturer's protocol the total genomic (g) DNA was extracted from blood samples using quick gDNA MiniPrep kit (Zymo Research, USA). The quality and integrity of the DNA was determined by the A260/280 ratios and total DNA concentrations were calculated by Nano Drop 2000c Spectrophotometer (Thermo Scientific, Asheville, NC, USA).
Allele specific oligonucleotide-PCR (ASO-PCR)
ASO-PCR for KRAS gene (exon 2) was performed in a total reaction volume 25 μl containing 3 μl of 100 ng template DNA with a working concentration 25 Figure 1 ).
genomic DNA modifications by Bisulphite treatment
By using BisulFlash DNA Modification Kit (Epigentek, USA) the genomic DNA (~1μg) ranged from the concentration 50-200ng per reaction was modified with sodium bisulphite. The complete conversion of unmethylated cytosine into uracil of whole DNA by Bisulphite was carried out at 95 C for 20 min. This converted DNA was cleaned-up of and stored at -80 C.
Methylation-specific PCR (MSP)
Methylation specific PCR (MS-PCR) were used to determine the methylation status in the CpG islands of RASSF1A promoter region of modified DNA (bisulphite treated DNA) by 2 sets of specific primers, one for determining the methylated DNA sequence one set for unmethylated DNA sequence.
The methylated DNA of RASSF1A was amplified using methylated (M) set of primers, 5 0 -GGGTTTTGCGAGAGCGCG3 0 (sense),
The Unmethylated DNA of RASSF1A was amplified using unmethylated (U) set of primers,
Bisulfite-modified DNA(2μl) was amplified using MS-PCR in a total volume of 25 containing 2.5 μl of 10Â PCR buffer (Fermentas, USA), 0.5 μl of 10 mmol/L dNTP, 0.5 μl of 10 μM each primer, and 0.1μl of 5U/mL Taq DNA polymerase (Fermentas, USA) and PCR amplification was programmed at initial denaturation at 95 C for 5 min, 40 cycles of amplification at 95 C for 30s, 60 C for both methylated and Unmethylated primers for 50s, and 72 C for 45s and final extension of 72 C for 10 min. 10 μl of each PCR product were resolved by loading onto 1.5% agarose gel, and the bands were visualized under UV transillumination by ethidium bromide staining A band size of 169bp was observed for both RASSF1A methylated and unmethylated set ( Figure 2 ).
Statistical analysis
The data were processed for doing all statistical analyses by Statistical Package for Social Sciences, version 20.0 Chicago, IL, USA (SPSS20). The association between the KRAS (exon 2) mutations as well as between methylation status of RASSF1A promoter region and various clinicopathological characteristics were statistically computed using Chi Square test (□ 2 ) or Fisher's exact test. The P value was computed using chi square test; odds ratio (OR) and confidence intervals (95% CI) was computed by an unconditional logistic regression method. The level of significance was set to P < 0.05. Kaplan Meier survival analysis plots were used to evaluate the effect of methylation of RASSF1A and KRAS (exon 2) mutations on overall survival of NSCLC patients, and differences in the survival rate between two groups were compared using the Logrank (Mantel-cox) test.
Results
Demographic characteristics of study population
The patient's demographic characteristics are summarized in Table 1 . A total of 68 males and 32 females were included in the study. Two age groups were made, patients with age 45 years included 13 cases, and >45 years included 87 cases. The patients were presented with average age 61.18 years; most of the patients were found within range of 50-84 years age group. Moreover, it was found that, of all the ten districts of the Kashmir division, the highest number of NSCLC cases turned out from the central district of Srinagar, with a total no. of 25.72% of NSCLC patients followed by Budgam 11.43% recruited for the study (Table 1 ). In NSCLC type of Lung cancer, adenocarcinoma was the most common and was found in 72 (72%) patients and squamous cell carcinoma second most common type of non-small cell lungs cancer, found in 28 patients (28%). Majority of patients 57 (57%) were diagnosed in the advanced stage (III and IV) of disease. The majority of patients were having history of smoking. 
KRAS mutation status
Out of hundred NSCLC patients, 31 (31%) were positive for KRAS (exon 2) gene mutations and 69 (69%) were negative. The difference observed was statistically significant (P < 0.001). The KRAS gene (exon 2) mutation status in relation to various clinicopathological features as shown in the Table 2. 3.3. Frequency of KRAS (exon 2) mutations with respect to various clinicopathological characteristics 3.3.1. Frequency of KRAS (exon 2) mutation with respect to histological type, gender and age KRAS gene mutation was found in higher frequency in patients Adenocarcinoma (ADC) (29.16%) than in squamous cell carcinoma (SCC) (10%) histological types of lung cancer. The difference was statistically significant (OR ¼ 0.81, 95% CI: 0.257-2.588, P < 0.01). There was a much difference in frequency of KRAS gene mutation in NSCLC patients with respect to gender however also the higher frequency of those mutations was reported in higher age group >45 (32.18%) than lower age group 45 (23.08%) ( Table 2 ).
Frequency of KRAS (exon 2) mutation with respect to stage
The higher frequency of KRAS (exon 2) mutation among the different stages, NSCLC patients were found in advanced stage (42.55%) than the early stages (20.75%). The difference was statistically significant (OR ¼ 0.353, 95% CI: 0.112-1.116, P < 0.05). Also the development of NSCLC was reported to be faster among the patients in advanced stage with KRAS (exon 2) mutations (Table 2 ).
Frequency of KRAS (exon 2) mutation with respect to smoking type
We observed a statistically significant correlation (OR ¼ 4.899, 95% CI: 1.273-18.77, P < 0.01) between KRAS mutation and smoking status however a higher frequency of KRAS (exon 2) mutation were found in smoker (40.32%) than non-smokers (15.78%). We observed statistically significant higher frequencies of KRAS gene (exon 2) mutations in NSCLC patients who were ex-smokers (50%) and current smokers (40%) (OR ¼ 0.182, 95% CI: 0.047-0.697, P < 0.01) ( Table 2 ). 
. Frequency of KRAS (exon 2) mutation with respect to metastasis
The significantly higher frequency of the KRAS gene (exon 2) mutation was reported in NSCLC patients positive for metastasis (33.33%) with metastasis (OR ¼ 0.941, 95% CI: 0.319-2.775, P < 0.03) ( Table 2 ).
Frequency of KRAS (exon 2) mutation with respect to other clinicopathological feature
There was no statistical significant association were evaluated between level of smoking (mild, moderate and heavy), family history and KRAS gene mutation (Table 2) .
Mutational analysis
As far as the mutation frequency is concerned, 100 patients were investigated through screening by direct sequencing, 31% showed mutation in exon 2 corresponding to codons 12 and 13 of the KRAS protooncogene. Conversely 69% showed wild-type (WT) sequence.
The alignment of all the sequences pertained to DNA samples of various cases was done with respect to normal sequence. Sequencing results for KRAS (exon 2) amplicon for potential mutation for cases shown by chromatograms (Figures 3, 4, and 5) . The most common mutations that was found in NSCLC patients are glycine (G) to cysteine (C) on codon 12 (p.G12C, 32.25% of mutated samples; 10 of 31) Figure 4 
Methylation analysis of RASSF1A tumour suppressor gene
The allocation of RASSF1A gene methylation frequencies in cases and controls is depicted in Table 3 . However when compared with healthy controls a statistical significant difference was observed (P ¼ 0.03) with patients having RASSF1A gene methylation. The result illustrated that methylation of RASSF1A promoter region is more frequent (41.0%) in NSCLC cases as against those in healthy controls (3.0%) ( Table 3) . Our results indicate that NSCLC patients who show hypermethylation of promoter region of RASSF1A gene have a statistical significant increased risk of developing NSCLC and can be a useful candidate biomarker in studying the prognosis of the disease.
Association between RASSF1A aberrant gene promoter hypermethylation and age at diagnosis
The association of RASSF1A aberrant gene promoter hypermethylation and age at diagnosis is described in Table 2 . In both groups 45 years and >45 years, the association was found to be non-significant (OR ¼ 0.824, 95% CI 0.261-2.589, P < 0.13.) although methylation of RASSF1A gene was observed to be more evident in the age group >45 years (43.67%) as compared to the age group 45 years (23.08%) ( Table 2 3.5.3. RASSF1A aberrant gene promoter hypermethylation in relation to different histological types RASSF1A aberrant gene methylation was found to be the highest in NSCLC patients with Adenocarcinoma (52.77%) as compared to squamous cell carcinoma (25%). A statistical significant association was found between the methylation status of RASSF1A gene with different histological types (OR ¼ 0.621, 95% CI ¼ 0.157-2.183, P < 0.05) ( Table 2 ).
Survival analysis
The Follow-up of the 100 primary NSCLCs patients regarding disease progression in terms of survival was performed by using Kaplan-Meier survival plot we observed NSCLCs patients with RASSF1A aberrant gene promoter region hypermethylation had a poorer survival compared with those without hypermethylation of promoter region of RASSF1A gene, however these differences were statistically significant based on Log-rank (Mantel-cox) test (P ¼ 0.0001). Median survivals among with NSCLC patients containing hypermethylation of promoter region of RASSF1A were 17.20 and 42.13 months for NSCLC patients without hypermethylation of RASSF1A promoter Figure 6 (a). The NSCLC patients with KRAS (exon 2) mutation with or without RASSF1A promoter region hypermethylation had poorer survival compared with those patients with wild type KRAS gene, with or without RASSF1A promoter region hypermethylation. These differences were statistically significant based on Log-rank (Mantel-cox) test (P ¼ 0.0001). Median survivals among NSCLC patients with KRAS mutation with or without hypermethylation cases were 16 months and 42 months for patients with wild type KRAS gene, with or without hypermethylation of RASSF1A promoter Figure 6 (b).
Association between RASSF1A inactivation and KRAS mutation
The analysis of aberrant RASSF1A promoter methylation when combined with KRAS (exon 2) mutation data, we found that only 9 of 72 (12.5%) patients with adenocarcinoma contained both a KRAS mutation and RASSF1A aberrant gene promoter methylation. Patients with squamous cell carcinomas 1 of 28 (3.57%) with promoter region methylation of RASSF1A contained a KRAS mutation (Table 4 ). Our results indicated that the majority of the NSCLC patients with adenocarcinomas containing KRAS mutations lack RASSF1A aberrant gene promoter methylation. In addition, 13 of 72 (18.05%) adenocarcinomas, and 14 of 28 (50%) squamous cell carcinomas contain neither KRAS mutation nor RASSF1A methylation (Table 4) . 
Discussion
Non-small cell lung carcinoma (NSCLC) is known as a disease, characterized by manifold genomic variations in proto-oncogenes and in the tumour suppressor genes. The most common molecular events in the NSCLC are mutations in the KRAS gene, suggesting a significant role in lung tumour carcinogenesis [19, 20, 21, 22, 23] . The mutations in codons 12 and 13 in the KRAS gene are the most common in lung cancers [24] .
In present study the frequency of KRAS gene (exon 2) mutations in NSCLC patients was 31%. The frequency of KRAS mutation reported in the study of Sameer et al, [25] was 22.64%, 39% in study of Plesec et al, [26] , 32.7% in Yunxia et al, study [27] and it was 37% in work of Brink et al, [28] . The ratio of 31% in our study is consistent with these studies.
The significant higher frequency of KRAS (exon 2) gene mutation was seen in non-small cell lung cancer patients with ADC histological type of (21%) than SCC (10%), however the difference between the histological subtypes was statistically significant (OR ¼ 0.81, 95% CI ¼ 0.257-2.588, p < 0.01). We observed higher frequency of KRAS mutations were detected largely in patients with lung adenocarcinomas than NSCLC patients with squamous cell carcinomas of the lung. In fact, in the study conducted by Ju et al, [19] ; Herbest et al, [29] ; Brando et al, [30] found patients with adenocarcinoma have common mutation in KRAS gene.
There was a much difference in frequency of KRAS gene mutation in NSCLC patients with respect to age however also the higher frequency of those mutations was reported in higher age group >45 (32.18%) than lower age group 45 (23.01%). In another study conducted by Shah et al, [14] and in the work of Riely et al, [18] higher frequency of KRAS mutation was seen in higher age groups.
In this study, our results revealed that the higher frequency of KRAS (exon 2) mutations among the different stages was reported in NSCLC patients in advanced stage (III &IV) (42.55%) than the early stages (I & II) (20.75%). The difference was statistically significant (OR ¼ 0.353, 95% CI ¼ 0.112-1.116, p < 0.05), this shows that there is a significant association with increased risk of NSCLC if patients are in advanced stage (III &IV). A similar studies conducted Mascaux et al, [31] ; Johnson et al, [32] showed from a clinical perspective, KRAS-mutant lung carcinomas have been generally associated with type of tumours, particularly found mostly in the advanced-stage setting.
In addition it was found that higher frequency of KRAS mutation was reported from the smokers (40.32%) than non-smokers (15.78%); however, this difference was statistically significant (OR ¼ 4.899, 95%CI ¼ 1.273-18.77, p < 0.01). Also a significant association was seen between the frequency of KRAS gene (exon 2) mutations in ex-smokers (45.23%) and current smokers (30%) (OR ¼ 0.182, 95%CI ¼ 0.047-0.697, p < 0.01). A metanalysis of Mao et al. [33] found higher frequency of KRAS gene mutations in patients who are having history of long-life smoking and the study by El Osta et al, [34] found KRAS mutations are typically found more often in the patients who are heavy smokers and KRAS mutations rarely occur in lung cancers in light or never smokers.
Our results showed higher incidence KRAS gene (exon 2) mutations in patients with distant organ metastasis. Wagner et al, [21] found a significant association of K-RAS mutation and metastasis in NSCLC patients.
There was no significant association found in NSCLC patients between smoking level (mild, moderate and heavy), family history and KRAS gene mutation.
In a total of 100 primary NSCLC cases diagnosed, the KRAS (exon 2) mutations were found in 31 of 100 cases (30%). 28 of 31 (90.32%) were located in codon 12, and 3 (9.68%) was located in codon 13. In another studies by Macerellia et al, [35] ; Riely et al, [36] ; Dogan et al, [37] evaluated most activating KRAS (exon 2) mutations in NSCLC are sited in codons 12 or 13.
Further, mutations in KRAS detected in this study were diverse comprising 31, out of which, 10 were KRAS c.34G > T transversion, and 8 were KRAS c.35G > T transversion, 5 were KRAS c.35G > A transition, 4 were KRAS c.34G > A transition, 2 was KRAS c.34G > C transversion on codon 12 and 2 were KRAS c.38G > A on codon 13. Riely et al, [22] showed NSCLC KRAS mutations mainly occur as transversion mutations.
The aberrant promoter hypermethylation of RASSF1A gene has been witnessed in a variety of human carcinomas such as pancreatic endocrine tumor [38] , colorectal carcinoma [39] , nasopharyngeal carcinoma [40] , prostate carcinoma [41] , ovary and renal carcinoma [42] , hepatocellular carcinoma [43] , breast cancer [44] , NSCLC [45] , gastric cancer [46] as depicted in the Figure 7 .
Most of the recent studies have reported that an epigenetic changes result in many types of carcinomas. The DNA methylation is observed as one of the commonest epigenetic alterations in cancerous cells, methylation of DNA is caused by an addition of methyl group to the carbon 5 position of the cytosine ring catalyzed by an enzyme DNA methyltransferase particularly in the sequence 5 0 -CG-3 0 , which is also called as CpG dinucleotide [47, 48] . The transcriptional activation could be blocked by methylation of CpG-rich promoters. The DNA hypomethylation is probable contributors to oncogenesis and are mediated by various mechanisms that include aberrant hyper-methylation of tumor suppressor genes and chromosomal instability in various human cancers [49, 50, 51] . In the present study, MS-PCR was used for scrutiny of the RASSF1A gene promoter region methylation status. The aberrant methylation particularly in CpG islands of promoter regions the RASSF1A gene that may play an important role in the progression and development of lung carcinoma. In this study, we observed that RASSF1A promoter methylation was present in 41% in NSCLC patients. This frequency of RASSF1A aberrant gene promoter region hypermethylation according to the present study is consistent with the findings reported by other groups [52, 53, 54, 55] . The aberrant RASSF1A gene promoter region hypermethylation was found to be significantly associated with different histological types, however higher frequencies were found in adenocarcinoma subtype than squamous cell carcinoma sub type (P ¼ 0.03). The study conducted by Kim et al, [56] , and Li et al, [57] shows the results that consistent with our study. We also found that RASSF1A gene aberrant promoter region hypermethylation predominantly occurs in NSCLC patients with advanced stage of disease. Our study is consistent with the studies conduct by Sekido et al, [58] ; Toyooka et al, [59] ; Belinsky et al, [60] showing the same results, consistent with our findings. In the present study, we observed that an aberrant promoter methylation of the RASSF1A gene and distant organ metastasis status although could be of prognostic significance. These results suggest that aberrant RASSF1A gene methylation in promoter region accompanies the induction and progression toward a more aggressive form of NSCLC genesis process. Oh et al, [61] reported that RASSF1A gene promoter region is mostly methylated in non-small cell lung cancer (NSCLC) patients with distant organ metastasis which is consistent with our study showing the same results. However there was no statistical significant correlation found between RASSF1A gene aberrant promoter region hypermethylation and other various clinicopathological characteristics like age, gender and smoking level (light, moderate and heavy).
This study reveals that smoking is significantly associated with RASSF1A gene promoter region hypermethylation in NSCLC patients (OR ¼ 3.099, 95%CI ¼ 1.167-4.443, P ¼ 0.01) and that hypermethylation of the RASSF1A gene in the promoter region may affect a patient's overall survival in NSCLC. The predisposition of specific genes to hypermethylation in smokers could be attributed to unsystematic changes in the milieu around that specific gene. The methylation status of a gene may be affected by quite a lot of factors, including the activity of enzymes like DNA methyltransferase and the specific transcription factors, such as SP1, structure of chromatin, immediacy to a methylation center, and the pre-existing methylation status in gene specifically in the CpG islands of the promoter region [62] .
According to methylation status of RASSF1A gene promoter region in NSCLC patients indicated that the overall survival of NSCLC patients group with methylation in RASSF1A gene promoter region had an obviously shorter survival time than those in the un-methylation group (P ¼ 0.001).
Hypermethylation of the RASSF1A gene promoter and advanced stage (III and IV) disease were also associated with poorer overall survival among NSCLC patients. These results suggest that hypermethylation and staging of the RASSF1A are independent prognostic factors in NSCLC. The study conducted by Buckingham et al, [63] showed the survival difference according to RASSF1A promoter hypermethylation status was greatest in patients with stage I and II of NSCLC which is consistent with our study showing the same results. In conclusion, the data suggests that methylation of RASSF1A gene promoter region in NSCLC patients might be specifically closely associated to males patients, smokers, patients in advanced stage of the disease, patients who have adenocarcinoma histological type of NSCLC, metastatic stage of disease and patients aged >45years. Although aberrant methylation of promoter region of RASSF1A gene located at 3p21is the region frequently methylated in non-small cell lung cancer, and it's also frequently hypermethylated in non-small cell lung cancer with a history of smoking (51.61%) the results were consistent with the studies conducted by Han et al [64] and Huang et al http://clincancerres.aacrjournals.org/content/10/18/6119 -ref-17 [65] .
In the present study, we systematically evulated the correlation between activating KRAS (exon 2) mutations and RASSF1A aberrant promoter hypermethylation in the NSCLC patients were It was observed that 21 of 72 (29.16%) of the adenocarcinomas (ADC) and 10 of 28 (35.71%) of squamous cell carcinomas (SCC) histological subtypes contained activating KRAS (exon 2) mutations restricted to codon 12 or 13. In addition, we analyzed the methylation status of the promoter region of the RASSF1A gene. Our results showed that aberrant RASSF1A promoter region methylation was observed in 38 of 72 (52.77%) of adenocarcinomas and 3 of 28 (10.71%) of squamous cell carcinomas histological subtypes in NSCLC patients. When KRAS mutations and RASSF1A gene methylation status data were combined, we observed that only 9 of 52 (12.5%) of lung adenocarcinomas and 1 of 28 (3.57%) of squamous cell carcinomas contains both a KRAS mutation and RASSF1A gene methylation (Table 4) . In this study, the data evaluated together with previous study [66] , specified that the majority of NSCLC patients with adenocarcinomas and squamous cell carcinomas containing activating KRAS gene mutations lack RASSF1A promoter methylation.
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